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Tongji University Master of Science Abstract

ABSTRACT

Xylenols are important industrial intermediates to be used to manufacture
anti-microbial agents, disinfectants and other compounds. Separation of 2,6-xylenol,
p-cresol and m-cresol close-boiling-point components is a challenging task. New
suspension crystallization separation process has been widely used in the industrial
production. The purpose of this thesis mainly focuses on the crystallization

mechanism of 2,6-xylInol.

Feasibility analysis of using Micro-Raman spectroscopy for direct quantitative
measurement of xylenols and cresols in typical industrial mixed phenols was
conducted.  Using acetonitrile at 225lcm™ as reference, the back scattering
configuration relative Raman cross section for benzene ring vibration of m-cresol at
732cmt, of p-cresol at 839cmi* and of 2,6-xylenol at 667cm* were obtained. They

(0010 5 21 g4 and 9710t —g ge57
Golo) (00 15Q)
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(001 29) s =0.9974
(00 10Q)

are

225xm™!

respectively. M-cresol, p-cresol and 2,6-xylenol mixture prepared in the laboratory
and mixed phenols from the industry were used for validating the method. Results
agree well with that using other methods.

Based on the principle of the minimum Gibbs energy, solid-liquid equilibria of
the 2,6-xyleno, p-cresol and tert-butyl binary systems are calculated using
thermo-calc software. In the calculation, the regular solution model is used to
calculate the excess Gibbs energy of the system, and the solid phase is chosen as the
reference.

Using lithography technology, microchannel on the surface of silicon or quartz
chips were fablicated through microscope equipted with laser diode. Using etching
technology, silicon chip with a pin hole was made. The quartz and the silicon were
assembled together to form the microchannel emulsification defvice. Water was used
as the continuous phase, cyclonhexane was used as the dispersed phase and sodium
dodecyl sulfonatesodium (SDS) was used as emulsifier. Uniform particle size
emulsion was successfully obtained. The size distribution of emulsion was analyzed
through optical image using MATLAB software.

Key Words: 2,6-xylenol, Raman spectroscopy, solid-liquid equilibrium,
microchannel, uniform emulsion
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R soE i AR AT TR .
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(1) B4 Rk

1958 4 Golay M it #8710 B A2, R H T EER BN
O, FABMERER, MBSO DB, g g
Ripi, #)ZIBHT B TEA.

RS 6 MRS A, MR, W NN, R 2,5
F IR 2,4- — FR YR A AR 22 0.2°C, T 7E FR AR 2R rfr, St R 0 i) R 8 4D 33
FZEANEIS 1°C o DRR 3 s A 2 b7 LU AR R e . [ 9 SR A BP-20. 28]
FERT A EAE S [ M B4 Sk o0, Bieniek G f# Ultra 2 B41%
FERIN T IR A I A

BRHE IS )R BL B-CD I BN H itk AE, FID ARee, @it
FEFPFHRIAT AT 708 2,5- ZFH kRS . SEEGR A S GC-14A SMH (g%,
5y C-RAA KEERAY, AE4: B-CD AL B4IE+E, 0.25%30mm, SGE A+,
KOEE, AP, 2,5-—HEy, 24-—Hky, 2,3-—HE. 2,6c —HE, 34 _HE,
35-—HMy, WM, XFHE, 2,35 =HmM 4-2Em Ak, OibalE& it
FEIR: W1 120°C AR EA B A) 19min, 236 220°C , £RBE ] 20min, FHEHE2 30°C
Imin, VEALEIRFE 250°C, #ES (FID) JEF 200C, #/< (N2) 0.125MPa,
/B 100:1, PR 0.07MPa; #EFEE: 0.1uL. iz AR —E3E4T 2 =T

76 4 P13 )\ SR E ) (R B AT A 4 B A T R Y AT Y S M TR
BEVNEAT T B . TR RE R S s A, X R G S A R R R ) i %
P, 5 SE-30 Il SE-54 HHECA P EIZN, Hets H M A0 — i 43 7T .

X R0 \ Y By GC-14B BRI, S XIGE TS, B
KT 1.3 BB O B0 M 3,5- WA 2,3- ~Hly, GitaiNbsnn
IMTA R, S2I0 2 N AEIR 100°C . IRALTEE 260°C . K llELE 230°C.,

(2) RPKE I 6

WU K43 6 BEVERRE s ARE St VAR S i 2 L, PR BR800 h B o
AC R NGB [F]—FE SR, SRR Z OB AA=A M-Ads, AA 5FEGE
WA LB B AR, BRI IE ] DU T8 50 . ROBCER A e e vk
T T B2 2 e AN 2 A3 IR o 25 20 90 5 32 R F S MR AL s R R A
Rk AN VR I B A bR R IR e, TR R B
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FP AR BEAE, ARy i 2 7 HORE S T T000T N2 ) 2 B IR

I e N V920 SR U A 2K 03 S B 9 0B A P I okt R I 5 1)
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Sidney A.Savitt!*3145 A H L €5 73 Mg 20 98 240w 1) 8] - F Y 5 060 - R R

BN OREVE R SN 66 BV AN Lt o i v B FH B0 € 4
ik, T R AR 2 o D) RN FR A A 22 AN 0.0°C B, H R gy B AT TR
SRR PE, SR SR T B AN — FE VR A R R A

LB NHAEN N — MR SR FB, BT Z R TR 6T
M BT B, RS, 1928 4F, EIEEMIEESEE C.V.Raman LR
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oy RN S HUR BRI, 36t 25U R LA BE R RS, KRS A
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B EEZ ML (DFT) 9 FRIBEIE FEE T Z N
FAWEFE, 6 KR SeIe gt At b SR 7B RS, ACSCHg T SR A
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S AT A B LU B TH R P S IE R LI, SRR 2, ARYE A bRk
SO . TR Y K 2,6- R RAE TR A By I R

2.1 SIS RIBILER Sy

2.1.1 NEF R

KRB T AR B AN Invia BIERER 2% . KA
Laserphysics LS-514 & B T ¥0% 2% #. 514nm B KAFE NBOR I8 5 1%, 25 1%
S 50 fEKAEYIEE, 1800g/nm S, AwlES A AT G E . (RS IR IR
2.1 FI5R 2.2 FfioR:

R 2.1 IR S

Table2.1 Experimental equipment and specifications

INE A FHS AP
A EE AT GC-7890 RERHZAZ AR A A
A CLY ¥ A N 2 invia #[H Renishaw A ]

R 2.2 SRR SRR

Table 2.2 Reagents and specifications

R4 R A% a1

2,6-—Hy 99% [E] 24 4 L3RR BR A ]
[E1] FF R I 2454 [k St A BR A
Xof 98% [ 24 L L R IR A
2N s et IE] 24 2 Ak 2t A PR )

Tl VR B P R — LR TR P 9 70 P A PR )

TR e L4
Tk Yy 6] FR Py« 0 FR T 0 5270 40 70% . 30%  Ze BT BRI TR ¢ A R A ]

2.1.2 LBWPR

2.1.2.1 AmMEZFET &EX TR SIHME IR E~HTELE D
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FE SIS 45 NAEIR 125°C, BEFEIRE 280°C, FID /¥ 280°C. SLiniffEsb
Banr

(@)K TV VR & Ty b 18 v B P AT € 7 A s

)N 0.AmD) (£) 2,4- I, BT %04

@) @) A 3,4- —Hy (0.059) , K HBEAT ERE T

@) A 2,6- ~HE (0.059) , BEATEIREH T

@) A a Yy 0.1mD , BTG

(OE ) F IS (0.1mb , BEATEREH T

@) (A AN HE 0.1mD , BT HT.

2.1.2.2 fRERZIR & RAIECH

mﬁﬁﬂ@%%%ﬁ$%%2&:$%mMmﬁ ﬂ@%%ﬁ@%&n@
LGS PBERER, W—EERawE T BmE D, Eidh 26g,
e Hr =L

2.1.2.3 BAARECH

FREX 0.411 we iy FH Ty, A HodinoN 0.148 5ef) 2,6- —H{§i15 2,6-—
HE A XS BT EE O 20%, DAUECAR LR &, B0 0.133 Zeif) &JF; FREX
0.453 7% TV IR ATy A B =0 N 0.107 78 20 K5 LB ANIR E7043 iK
AE%%¢@E@%W@,m~%§%ﬁéﬁﬁ$%%%¢,ﬁﬁﬁ§2%o

R g, WE U ERh =i .

2.1.3 BigitE

25 V7 bR 1 (DF )MV et Mg Fi 123 85 32 B SRABEADL B AR 5 () — Rz ol
Jiik, Kl REE S EERE, -G RE. RO HEF R A - FH ORI
oy AT U . A S AR SCRE AT LA PR AN IS ER 73, g3 0l e A iz ok ATAH
KAZ RS 43 XS BT A R B e AR & H eAH BB . DFT 2 AH G

bR 5 AR 4 BRI R AR SR TH SRL RV BRI RE ELOULHL By RSN B, 2
BTSN S Bk ko) s T R R RE S I R TR R AT IR AT
FER Do ASCHRTHECR A E i GO8 AL, ik GView3.0 W4T IR BN
B, TFECRH DFT v, B4 s#CR A B3LYP/6-311G.
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2.2 FEREITIE

2.2.1 BIESLIGER ST

Bl 2.1 RTRE M EIEE . 4RSI e e ek e, X thit &
U ) HAE DL 0 LU T LB R E N 2,6- By 4l g, 12 80k
AL T — AN (RN 16325, (5 AR 1.86706%) , Bl 5 15550 () (f)
()1 LU THI AR 23 5 A 4263 (5 1.39625%) . 3335 (1.87201%) Al 1817
(1.51097%) , HEILATLAET 52 12 438X AN 2,6- — H .

s e S e R e
i i i i i i
] IR beeeeeaae b ige-eeenan- e fe e R
: = : ' :
: i : :
T L B ...
s s s s
O e P B B
S T RE LT EEEEEEPEEPE R EEEEEEEEEEEEE
. oo .
L - B S 1 —
FHLoOom = o T IR el EF = E
LI LTS 1 1 - S y i __|'_"JI.___:.-._,¥____|_1._r.-'_¢ ________ J frme oo e e e
= o= . = oh o= i T e =
I 1 h F I AL G
0 = 10 15 20 25 30
[rmir]

2.1 TR EE A% E
Fig.2.1 Chromatography of mixed phenols
AR B P g KPS THTRBSY FIB 4 LT S50 8 TTAUR 57
77> b, S50 (2) 39 56 () B L 113 72 89.95%,  91.24%, 90.62%. 90.85%,

90.36%, 88.77% % 90.24, WK 2.1 fii~. "TUANERFEH, A 24— HEy)E,
BRI LL ) 18 i, BT b 6 4 2,4- —HI.
JiEFE b, g 7 Sig 8 AN, HE 7 BB 51 92.38%, 92.89%,

92.83%, 92.29%, 92.85%, 90.42%F1 92.78%. LAV A A L, W ENE 2,4- —H
My, #EN 2,5- - F .
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R 2.1 BB T AR S U T AR L

Table 2.1 Peak area and peak area ratio of xylenol and cresol

Y5t TR (A7
2,4-— H — —
3,4- " Hi — —
2,6- — HIT 15325 1.86706
[F1) FHY iy 4263 1.39625
<0 H 3335 1.87201
Xf H iy 1817 1.51097

R 2.2 BWF AR S U T AR EE

Table 2.2 Peak area and peak area ratio of xylenol and cresol

7 I 6 AR I 6 Lh g g7 AR U7 e I 8 THI A
2,4- — g 54298 91.24 68093 92.89 5214
3,4- — i 29566 90.62 39645 92.83 3060
2,6- — i 314666 90.85 379357 92.29 31705

(i) FF Ty 107156 90.36 148600 92.85 11438

A1 F iy 65539 88.77 78251 90.42 8295

Xf F iy 39431 90.24 54805 92.78 4263
TR A 7199 89.85 9862 92.38 813

R 2.3 FWI5 v v T AR L e T A LE

Table 2.3 Peak area and peak area ratio of xylenol and cresol

2,4- — Wi} it 3 TR i 3 Lkl e 4 THIAR i 4 Lt
3,4- - Hi T 115 0.08167 3319 2.35696
2,6-— FI T 116 0.14245 2070 2.54206
(1) FH Ty 510 0.06213 22103 2.69283
418 FH 183 0.05994 11387 3.72957
Xf By 4443 2.49397 7189 4.03536

HRYE DL 2510 3RAT AT LAAF H 7 M Je 25 el T AR Iy 8] T
FISE Y. 2.6-— FRY. 2.4-— FY. 2.5- ). 2.3-— F. 3.5 HELLE
3.4-—HE,
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2.2.2 FFEIEIER

N T 4SRRI FE R AR, 2> BN 2,6- HI R . X FR R R ) R R 3R AT R 8Ok
W DFT tH5. H 2,6- “HEy 0 T4 WEWE 2.2 B, X548 H
(5> T 5/ RN 2.3 FIE 2.4 Fiios . 2,6- - F Y. S Ry A0 a) BRI () o 28 6
Kk 2.5 fior. B 2.5 i 2,6- —FE 5 8 A, 78 667cm™ kA MR R I%,
X RS T S AT 7 BT e e/, DRIk o P 2R 3R AR T 3R 3l 667cm
N 2,6~ FF YRR 6 o 78 %o - PP Iy 1 iz 2 1 P b, 8390t Ak A — o At 1 R R 0%
NSRRI G5 B4 5 AT T PR IR 3h (5 552 18] 1 S K LIRSt bt A 3 At = sl
W5 B AR /N BB e, TR Tk P 839e ™ AT Ay tof - FR Y R4 AIE e . [
HARA)- F B 7E 998em™ Kb — /M R B (Flg, {H/E/E 986 cmt Ak 2,6- — FH )
0 LK 7 1009 et Ab K b 2t HoAT 2, TE RIS TR B 732 e
b S ) R Ty A A o PR 0, 34 D LRG0 Sy (1] - P T PR R AAE U6

X 2.4 BT IR 16

Table 2.4 Raman peaks of 2,6-xylenol, p-cresol, m-cresol and phenol

2,6-— FI X By [ HH gy 2Ry
667cm™ 643 cm™ 688 cm™ 631 cm™
821 cm* 839cm™ T 816 cm®
986 cm? xI 998 cm* 1009 cm™
¥ ¥ 732 cm? ¥

K 2.2 26- - HEHT4HE

Fig.2.2 Molecular structure of 2,6-xylenol
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9

K 2.3 X H i (1 701 4 F I

Fig.2.3 Molecular structure of p-cresol

Kl 2.4 [a) Gy (4 701 S5 F ]

Fig.2.4 Molecular structure of m-cresol
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1000001  (c) [
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600004 I732 em’
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0 ~:_'~' — T T T T T
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K 2.5 2,6- —Fgy(a) X H My (b) Al TE] FE y(c) 1 4 2 1 P

Fig.2.5 Raman spectra of 2,6-xylenol(a), p-cresol(b) and m-cresol(c)
2.2. 3 RFIEERIE

B S AT R AL B, BRIV T, WS RHERPE. A5
PR P BN RFALE V8 B 2o X vH SR8 R AR 5 1 Jo] FRIVGE EAT TH UL A, AR
LA HE 1 it £ 5 S8 (0 r 2 5 PR WD S REPE B iy, A5 2 EEE ST AR AR A U £ 0
T o

B BINE T, 0 X 18] By 5 SR AEAN R BE /R B A S5 1 18] By
5 F R gy A () B S R T 22 1% P 2,6~ P 5t T S [ A P i 2 v )
AT AbEE.

2.2. 4 MR SEHELL

SR STIA] H Y AT 2 BE R L S AR ISR KOG &R o RS SEER T, — NI [a] R
= B, A2 PR Ll AT AL BE, R 2.5 AR TN IH]
iy 5 CHE IR 2 R L
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*® 2.5 [ W5 LM EE K L R g L

Table 2.5 Nysp e INgast om With different 173 cm /2251 cm

N7320m_l/N2251cm_1 |732cm-1/|22510m-1
0.134118 1.966755
0.338663 4.810190
0.539209 6.951419
0.786568 8.673196
- ) | N ‘
I 5 2, IR WS =y b T B =, ML
R R
oo | 0QY) . .
©olY); _  wamsir e 26.
(00109,

148-.
164
1.4-.
1.2—-
1.0—.
0.8—-

I732cm"/ Izzslcm"

0.6
0.4+
0.2 >

o+ 7771
00 02 04 06 08 10 12 14 16

732cm“/N2251cm"

K 2.6 18] FH D5 2 AR XL 2 0 DL

Fig.2.6 Intensity ratio vs. different molecule number ratio of m-cresol

7] AR A 1) FP Py 550 HY By (0 BE /R b 5 e s LU S A B B 2k, & 2.7 Fows.
ARAE 2,6~ FF oy L5 50k F 7y F) B /R BE 5 e s LU ADL 543 2 B 20 N 1B 2.8
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0.0 -1 rd 1@ ~ T ¢ T1n & °r° 1
00 05 10 15 20 25 30 35 40 45
N732cm"/N839cm“

B 2.7 18] F By 5000 iz 2 i AU A 1

Fig.2.7 Intensity ratio vs. different molecule number ratio of p-cresol

0 —T I = 3 = T - & - I - & & 1
00 05 10 15 20 25 30 35 40

667cm'l/N8390m"
2.8 XFHIM S 2,6-— Fy X h 2 0 B2 U4 K

Fig.2.8 Intensity ratio vs. different molecule number ratio of 2,6-xylenol
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2.2.5 WEEY, BBREES 2, - —HEp7E TR & By hsEprikE

R R 572 2,

lj =1oNj(0c/09Q); (2.1

Horbolj 22 j NGB SRIE, 1o AWOCHREL, Nj 22 &40 15T (00/0Q);
2 NERSIE JE b 2 AT .

F AP FT DAHE S UCZE A oA B e 2 R 3 B A X

|, _(@olo); N;j (2.2)

J J

l, (00/0Q); Ng

Horp | RS HUEHIBL 2 08
MR B 2.2 IG5 y=0.543x, B (2.2) 0IAl, [HFE S 25 R

gtk O a1 8416, LAR (2.2) WLHES TR
(00 12€2) 550

Ly (0510Q),,, . N

732m 732em* o 732cm™ (2.3)
I - (ao-/aQ)zzsrm’1 225em™

225km

T O 2 VAR 2T o R, BIN, = NS, FTLAT
R (2.3) iR,

|
N, . =1.8416x_2n— LE7 LI NS (2.4)
225cm™*
oo loQ) o
I Y 2 e 2 i oy 07 s 5 6,974, 2.6-— HEY S 2.
(80/89)225m,1
= I = e > (60/8(2)6670“,1 > ZEl —
B AR iz = T LA A 0.8557, RJ{FEIXT M A 2,6- —H T
(80‘/89)225bm,1
|78 = /N W |
Ngygs =0.9974x —83%m_ ! 3gom XN (2.5
225em™*
N — 0.8557xJsoTen N (2.6)

667cm™* 225cm™t
225cm™t

MAERUTE & By i 2 0 B DL R TV VR & By i) 4 2 i 1] o 45 21 BT 75 2540 I FR)
Wnm, W3 2.6 iR,
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% 2.6 PTHC AR L2 Tl IR A oy b B o B A ALE e T AR

Table 2.6 Area of acetonitrile, 2,6-xylenol, m-cresol and p-cresol

)i U THI AR CRSHVE A ) WETHAR MR A
LI 251 o =5.6%10° 251 o =5.2*10°
2,6-— Ffy 67 om =2.4%10° o7 om =2.5%10°
[E1] FF 732 m ' =2.5%10° l732 o =2.8%10°
Xof 30 om =2%10° lg3e om =5.3%10°

Ha (24) « (25 & (2.6) 7 fFHEDIREH T : N usw A 2.6331
X10°mol, N sy 1.168X10°mol, Nag s A 1.2115X 10°mol. T2 1551 &) F
iy 0.2847g, *fFI} 0.1263g, 2,6-— F ) 0.1489.

[FRE B 5 R ] DATHE TR & BL 1) Y 0.0272g, Xf Hify 0.02819, 2,6-
— 5y 0.0128q, B 22BN IBCRE M IR A R 2 v DR 188 b v 4 Py v 18] FR 7y
i 6%, XTHIEY & 6.2%, 2,6- —HEy i 2.8%, NG M5 SR Ai AR HE .

2.3 KRB

) 78 VAR Ay A AT T e AN E B AT o P12 I P S 2 PR IR
ARSI 667cmt. 732 cmt A1 839cm™t 43 i3k FH Ky 2,6- — I gy (] FH oy A%
My R AE VG, 75 28] F Y 5 2 0 . 6 oy 5 () HR Iy A 2,6- — FR 1y 5 56 FE Y D

. e L (001eQ).. 00 13Q)... . .
ﬁfff'zﬁﬁﬁ*ﬁﬁﬁﬁéﬁﬁt[ﬁﬁj\ﬁleﬂM7'9 1.8416. (001 2250 K
(0013 pg s (00109) 55504

ooloQ), . . \
0018 soen 50,8557, 33t 28 Pk T BLSE H T LI AT oh 4
(80'/8(2)225m4

VIR S . fr Ao Tk i 1 e qe . MifE R, POERI BT

0.9974 #
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B 3F hRETEMR

g e NI — 1R R NAES — R R — Pt AR, i O A R R B
JE77, AFIFAERAE . MR RS IFHAR R RSB, BERR 7P
WA RGP AE R REUKLES, 2R &R EE L —. 45
BS I OCERAE T2 5 RefF BMERR A AT AH 8] . 398 SR T I 2 4 0T Eu
BT RE SR T 2 ALK, fEARE EE S TS ERAS .
T, MRS EERE. BfECKE REeTRem 1, (H=554 0
QAT A B SR AR A O A P

[ - 30~ 6 A PR3 R R T AR B 28— JERE T RE . RO R
VERSEES AR RS . BLRAH BNE R AR T A=k, RYE Lennard 5%
1 Monte-calro FEMP3IAR 45 £ she i 50k AR P o 55— SR BT S0 R AR AR 5 1 B
Hie 5 RARTEMEE A RITHE, B ORISR, IR
TR RIS I R SE R R A B . 302 T S i R AR IR 30 ) 2 2%
PERIFEARE, B MR RR IS NRSE NP A R, B
Tl 7 V2R AR AH i i R R Gibbs [ FHBE & /N FEHEBEAT IR, 36 AR AR HAH
SPTI AE— 2H o R S AR AL S AR S ) SR B AT B SIS T R AR AR AR L
HE A IR SR TR ARl S R v D e T AR R B S
AR SEU8 25 R 2 A 1 . CALPHAD V2iAH L H B #1250 B B AT DU AR A
A R B SRR R SORARENE . ARX R ELHEE, ALl ook
IR RIMER Z A AR, TUTARRK—SA GIE R, WREEREH)
R RMAHEIEE, B R P &0, M R it EINEE T E.
BRI R AT S R E T, — BRI AE A T REG
[R5 A0 i R RE, X SR gk T DU SR HE AR B R G (A ST

AWFFE K CALPHAD ¥, XF 2,6- Wy, F B AR T B Rk T3
A, BT AR R0 Gibbs H H A/ NEE, HSBIH ISR A,
R GG AT AR, A SR B A 3 2E Sei E , 32 BLR [P
IR, FEATRLAEIE, 5B R 0 -0 T i it 2P
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A FIE IS E M

3.1.1 /A Gibbs HFHE
TER TR, B 25— 3 1 [5°)

dE = dQ + dwW (3.1)

Forp dQ FoRMI I v, dW SRR )
AR B e B T DRI =

dw = f-dXx (3.2)
E AL 4B 1 R,
df -dX =—pdV +Z/,lidni (3.3)

Ferb 3 IO BRI AR A ZE D LA AR AR Zh AN, A A3 AR IR R 75 215 o
ﬁ*ﬁﬁ*ﬂﬁ%%—ﬁfﬁ

dS = (UT)dE - (f/T)-dX (3.4)
HIF

dE=TdS + f -dX (3.5)
BeAL 1 ZH—. R EA R,

dE =TdS — pdV+Z,u.dn (3.6)

=1

R4 Euler 31459
=(0E/25), S +(oE/aX ) X

=TS+f-X (3.7)

#331| Gibbs-Duhem J5 F£¢]
0=sdT —Vvdp+ > (ndy) (3.8)
i=1

P Legendre #4435 Gibbs [ it fy #ik 15,

dG =-SdT —Vdp + ) _ z;dn, (3.9)

i=1

RS p WET 5, 40 nm# &, B e APl
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on.
! vavnitj

SRR AE A X, BImBE R MR, 52 SOk

v {a(nV)}
8ni p.T.nij

1

TEULHERE b, 13 3 BER VR A e .

dvy , =Vidn, +V,dn, +---

Vi, =Vin +V,n, +--.
T EAR SRR ST,

I\Wiig(-R P): Miig(T’ pi)
Forpr M9 N BAR SRR LA T2 BT, M9 =V,
i FE AR S AR IR A1 Gibbs [ Hi AE 0L

GY9=H"Y-TS"

XFAREEAMRIREY, A,
dG =-SdT +VdP
R Gibbs H HAERIE X, AMEIRT , BTSN

dG® =V,%dp = ﬂdp =RTdInp
p

it b 2415 5,
G =T,(T)+RTInp

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

o

(3.15)

(3.16)

(3.17)

(3.18)

Hep @ (T) RAEERT & T — DR W4 Bk, BEESEIREEH D

ﬂiig =I;(T)+RTIny;p

(3.19)

RAEAL A S Gibbs B HHBERISR AR, W BAR AR BB A & H 5 — Rk 3

[56],

G, =L, (T)+RTIn f,

Hor f, RHTIRE. FEMHFERT Mp T,

G, -G/ =RT i
p

27
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Hr G -G &4 Gibbs HHfE. # EXUHIRE RBERRA:
GF=RTIng (3.22)

PHAB SRR B ST 7o

TR, B f RN IERYRIRE, B3

H,i :Fi (T) +RT In fi (323)
DR L FR AR A R 44 1 Gibbs 1 b g O,

c_;iid = Gi +RT |I’l Xi (324)
T Gibbs [ ifigsE P,

~E _~ ~i fAi fAi

G =G -G = fu RTINS (3.25)

ZAT B L HEE R R AL ) Gibbs H HifE

GiE =RTIn Yi (3 26)
P L —1d % Gibbs B HHRERIIE R 2 ERiE 3, I Gibbs H HEERFKIE N,

GE

=T = 9(X,, Xy, Xy ) (3.27)

¥ outk A, R A2 TR

E

=a+bx, +cx? +--- 3.28
X, X, RT to (3:28)
HF % =1-x, KA RedlichKister 21558,
GE 2
T = A+ B(X, = X, )+ C(x, — X, )* +-- (3.29)
17M2

3.1.2 tH¥8

YRI5 e B, ETEPIRE T, RERRRA, B Gibbs B i fEf /),

[55]

R

dS., >0, dG,, <0 (3.30)
ARG EREE NS HBEER S, Fit,

Fo ;{T (@)gle) _ pleky ) 4 Z ﬂf”‘)nf“)} G
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23 E AR R T
Hof, v R RS RRIH, r RERRGAS . ¥ ERRES . R0
B BB T R R

N T o (@) ) @) L N (@) gal@)

5E_Z_;[T &' —p'ov +Zi‘,ﬂi n, } (3.32)
A A e, Bl

(6E)sy.q, 20 (3.33)
FIEF, fEMPHESRET, BNRGH,

ZU:cSS(“)=O

2 (3.34)

YoVl =0

2 (3.35)

S (@) _ L

Z:;&L =0 f0r|_1,2 ..... r (336)

DRIk, P —RE AL AT SR R B SR AR R AN BRI . R AL SR H A A

[55]

I

W_T@_..._TW

TO_T@ .. T (3.37)
W_ a2 _..._ v

ﬂi(l) _ ﬂi(z) - = /ui(V)' i=12,...,r (3.39)

FR (3.30) (3.37) (3.38) (3.39) FEL[EMIER T 1B A KA 2
PR

3.2 itEHEE

THHM &V CALPHAD J2 351 Calculated Phase Diagram 465, &3 TF
i 7R R 1K Gibbs [ HHRE SR /NEHE, fEBhI )M B, GRS IE I %
PR, 32 AT SEIR HAR AT HA R, DT 75 3044 2 110 [T AH T 467 ih 45
FRAE 7 22 JE BN B A OC R T A AR R I 0, X BRSPS
[, ZIRRESHEREREPI TG 158 & . CALPHAD 752 AR it
TR RS HRE S, RS PSSR SE BNk, @bk
RS AR A FE B ANFE R E HRe A 2, Fodr (T i S 40 it S g 4
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A s, 2@ it RS s & Ma ke, REathE e
FHPAT B 1 2 56 A IR, DL 2R BRI AT #72% B 1 A TR AT
HE IR Z MBS S5

3 A48 ] CALPHAD 7592 44 B DU /5 BROOUf i 37 B 2 et e . 15
i B AR PTA AT RE R B LIS A, S R A, W DME I R —
JREREB TR LR, RS HdE . R, 7R IRAS B A e
VA SRR BOHE 1A R, AR SLIG AN e MR AN ARG BB, W B AL
HT T SR AG AT A R R M S o AR, TN b4 1A ST A S
JRBHOTE IR, FTUAEIS ] CALPHAD 5 £ 45 R 48 M P,
D IREES S B A RBAR BT AL . X — B BERYE, W& S8R &5 5
AP 4 SR R R ). =, MRS IERARER, EHE - NEENMRIIE
BB R AT — M, XTI 2 B R — LN 018 I R AL 2
TEME . a, BB SE, B, DMERRITHE SRS S 3R
Wi .

THEAH B @ AN [F] (I # EERR R TR, THEAR RN &
Gibbs H HIfE, MRAEAERPIVEFUE BRI AR, 8 S I SR LA 15 B Y
SR WIS A I AE TR AR 55 BRI AT 2 AN THIT, SR A BRAR PR VR L
T BRARVE R & AN B0 I E R 0SS, 0 FARBAEIE], fir Do) e
73 B oy FARFR BBE AT o BRARVA A 40 0 B BE /R M 5 e AT TR 4 ot P I
FHEE, BIAES i (P Ow R R ARAR, i BE 7K P BEARH O JBE 2 8 4 Sl & T 4l Jo ) B /R
TR, BEIRINREMIBE R K o IRA IR A E, IR E . KR

"G =0 (3.40)
Gy =D X'GY +RTY " x In(x;) (3.41)

R R 534k 3245 4043 TR R AH ELAE R AN Re 2B 1Y), T DA AR 255 R TS AAk
R AEERARYE . AR AR 4 B4 T I A AR LS B AT e & Al gl R B
AR AN, BT CLe TR R AR R . AR VAT, A A B 5 R s 74
MG, HAEBEAEZ. AR ER I B ARV 1 SERR I SUR AL B 18, JEEE
RSV AT CATRIA A IE R RN (E RS VR A . fEEER AR E A, TR 92
A LU AL 1S AR (Stoichometric Phase ModeD) « F1 UV A (Regular
Solution Mode D - MZ.FH U 375 ¥ (BRI 1E B0 ¥ O 124 (Sub-regular Solution Model)
T EmAg B8 (Sub-lattice ModeD « {R¥FES V5 A (Ionic Liquid Model). =
O i T (Central Atom Model), #Efb 521 U Y (Q uasi-chemical Model). 4
AV RS (Association Solution Mode )17 JE vHE Ak S5 Y A5 1 Vi A 7R 3 47 41
R BMEAUR R XA EAME, EHTARKER, .
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(1 b2t SRR

Rt E AR (Stoichometric Phase ModeD) ANIE & 76 5 [ ARV T 5
KA EAAARRR, —HAREIRSRE Gibbs HHIREAIT, P gy pg
Gibbs H H -

G’ =xaGY’ +x5Gp” +AG' (3.42)

(2 R vA A

FUMVER RN IERVE R, AR SRR ANE, RERRSE T ARG R
IR AR S E AR A . b B — AN o DR ARV O B 2045 AH R 2 i)
SRR, B TCIE AR, SRR AR, T SR R S TR
Hildebrand®1¢E 1929 4F 5] NMUUAR I MES . ARSI T BENLIE B b A R oG
R TAEN . HEAERW T EEAVER (substitution solution) 1,

—JEFRBEHEA Z2 MREENET, 2 EE, 5hOEFrmEIe,
HIR TR A ss 2oy, HdREAE, WA RKIdE Gibbs H
REA

G0 = z:llzj_:m A XiX; (3.43)
R 2 A TR i M EAERIRE. XN TR S, A RRE & Gibbs [
BEA -
S Gh= XX, (3.44)

M ESATULE H, MR QERATRD B2 (Regular Solution Model)
It R R B AR S, TR

(3) LKA AR 2

VAR DU BRI AE R, FE X T3 oy K/ MEZE Bz, i AH AR A
THRME A SRR Y (R AR A YD . HIRAWIEA
A%, RAYRAEE N BER TR 5Tk, Meijering A1 Hardy 251017 3
MR ) FE Al b SCER HE PR AR (I IERAE WD B B UG AR EE A J&R T 1)
VEFT, K 1EBRVE R BOAR ELAE F BN MO AL AR 26k ph 2, BRI

Ay = Ay 4B (X —x)) (3.45)
M4 & )it & Gibbs H HI8EA
Gh=Y )X J[’*J + By (% = x))] (3.46)
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A B 5l EA K, R SLIEIRTE . AT Zn R, RRHEE Gibbs H
HEEN:
“Gh= X Xo[Ap +Bpo (X —X,)] (3.47)

] LA A IE VS RAR AL (Sub-regular Solution ModeD i+ X 75 A4~
. I H A HG R RO AL i A B R A R

KH CALPHAD VEBEATUHE RS, SCHAE T 2R G E A 2 8 . AHE
GO 0 R T TRV BRI A, IS G =X [A, + By, (% —%)] it
HIRA WIS & Gibbs H HfE.

3.3 AOFIHERHE

CALPHAD Jj i 7 ZEAE BIAR N B 8 ik S . H A= 22 P4l A
BT D 2 45 MTDATA #iff. Chemsage . Thermo-calc
AT, XA Z B H TR e e MR RS . FiH Thermo-cale
B iz as AT 2 AR AR AR R AT % 2 4 e M R

Thermo-calc #1522 % 1T F - 55 % P A 7 22 504 A KA 181 1 3 g oK T
RIGHHE B B 1981 4Lk, Thermo-cale HIZhEEAWIEEE, 2 H Aifx s
PitEZHeHER RN T R, ERE—RANEARN, SEMERHR, HT
R ERREL, SCIREOR N g, BOTFBIAR A, P A B R, R
MSHWE, BRMAR ], BRI B, RS RN a8 RIS
Thermo-calc 2148 = E R LRI 3= 130 2 S sa i 1t &, BiilE 21
Bk, HTWAEARER, B 7RKIEE TR A, RN 5o
VR P 3T HAPA R RS E BG83 O MA R E . Rsh, 25
ORI T ARERT 22T, Re s S kR R B AT 15 T EIR R
P i R, Hu BN 7 ks i T 5158 i . Thermo-cale /2 ME—RE%
X AN FH P AL R B A BOIRAS HEAT Bodoe R4, i EE RN Z A0 R
gkt 782 A0 E R BAR R . 718 ] Thermo-cale #4447 #H BT H
SR, AT DAy A BROIRES, BARTERE . (e, R RIS R
WE N R EEAE N br AR &, FERS R PR N — AT EFRS, aJBLyy
VS SRS, R, AR LAk, ATA R A A
X e A AT A, T HAR TX Zn LGS SR R TT, X —f
RIAT WL R AR A B % (i 7o,

T Thermo-cale 4 LR it A1, [RIE AR 7 e 2% H Thermo-cale % F %t
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2,6- “HEy S HE —ou AR, 2,6- ~HE AT BE T on &R DL S AT i
JC A B EE AT A RH . 8 A& R R, X 2,6- I
SRR 2,6- — HER S AT BE USRS AU TR oo AR AT AP A
R AR AR M2, AR AT 2 R SRS T I &0 R P i R AL S
B 18T T BUR A B S

3.4 RAFUHERHEREENA

#EA Thermo-cale AT AL 43 Bt TR 600 24T HREFF , B MR AT 58
BURRE I ThRE, S BEHR I YA B OCI, FEIaAT I, AT DARPIRE 4% 21 51 (R A e T
fE. FEMEHA R B NMEEHE R R EAE B LTI MR R KE K
System Utilities %5 ; 132 B ) 2 s JF L T Tt B Aotk KRB
Binary-Diagram 3 ; 1 T-1H 5 = 2H Jo ik S AH B A1 24 5 ¥ Ternary-Diagram
R, 3 AT e [E R AL CheilkSimulator AR R ;% AN RIS S0 ) 2 8088 10
Gibbs-Energy-System &5t ;  HI Tt 5L &AM ) =70, = oM 2 Jokd KR
S IR POLY-3 By S i (5 B HEAT AH B {5 5L/ PARROT #ibk L
Je LR POST. ASHIF A& i R b A i (3 A B w45 10%%8), PARROT
i (Optimization Module) . POLY #&Et (Equilibrium Calculation Module) .
GES #5#t (Gibbs Energy System Module) . SYS #i#t (System Utility Module) -
ED-EXP #iHt(Edit-experiment Module) A1 DATAPLOT #iHt( Dataplot Graphical
Language Module) -

(1) PARROT bk

PARROT #iHt (Optimization Module) #2&F|H C%05E ERISLIE B, 155
H Tk BB R A1 ) D15 280 B AR ST O S T
I WO, BT IR KR SRR . Bl
B, BRI R SRR SR EESE . RN HRAE Thermo-Calc #1, 7]
LS HE B A YARIE . WFTprd, KA CALPHAD J5 LT 5 # & it 5
I, RBEAE T IHEAR RIS AR B B £ . BIALEEMEN N BA—E 1Y)
HEX; WHREDHISE, PERREL, SURBCEAERE, HAME
B R, BAGRE, SUMERGEEDLRNHS . ZHSE RN SFER S, 15
BT AhE dEMERGE R — IR

g MR R B SR N fe 2,6- — F Gy o o H I AT BERS AR AR S A, AE
PARROT N, K T IERUA B B AT ) 0

(2) POLY #fbh
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POLY #iHe (Equilibrium Calculation Module) &] 1154 [\ 44 & K-V 47
HHE, BEE T EZ A0 R 44 POLY k5 PARROT
BB AT IS T, AT AR AR AR TR AR RIAREAE . THEIRSUE, T
Fl POST #itk ( Post-processor Module) # PARROT HiHe NARAL 5 i 45 5
A AH

(3) GES ##iHt

YE2N Thermo-cale A —ANJEARE, GES #3t (Gibbs Energy System
Module) 7 —E5E%¥ M 7P OH THATHI ¥HR . GES S H A AN
AR S PR A, AT DL PARROT. POLY Z8fHest &k i 5k
AT

AR FAEBAT A )P B, B R XA 2 b AT BEAE LR ) 45 A
BT, BREMES. B P4, KA Gibbs HHAELLE A TR
414y Gibbs H HIBEN I S B RS HSE .

(4) SYS itk

YE2N Thermo-cale A4 32 B4 il fi b, SYS bk (System Utility Module)

(R TN RES> LA R LS SR BEER RAE BLAZIm A I 434 v -4 A SO A
(MACRO ) . # T4 fE R4, SYS g B Tt E M IEMistr. %
Purba A0 B FUBE R AL, WSCAEAT R EOCH . H P R E . a2 T
B R E.

KA SR SYS ALHA BT LOG SO Rl sk BN TH B FE N ) i 2 o
O AIE R HT T SRR A B . PR A A U S
ANE.

(5) ED-EXP #i

£ PARROT #EH ) — T #i, ED-EXP Fibk (Edit-experiment Module)
HH 5 PARROT HHUIFH, T gm0l & AN A3 F A 28001 S 30 2000

A FRAER AT RE T, FENEHE S PARROT 5 ED-EXP ik, HE
T IR IE I SE e B s LU s A 2R .

(6) DATAPLOT #ibk

AWFFiER DATAPLOT bk (Dataplot Graphical Language Module) %
SR A CREXP file) , BETZHSLIAWE AL BB RS, BIbRd. 71k,
AELL5E, FAE POST HEHUT BB EXP UM, R SRib s ias in 2 40
H
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3.5 Thermo—calc JEX

AWFFFIF Thermo-cale #AExT 2,6- —HIEy . X H Iy AR T Ak R E4T 40
AiHHERE RS, @507 LOG . PAR E. POP CHEFT POP U1
(1) LOG 3t
LOG A4 FH T #8775 S BT 75 (1 & P (] R AR LA 46 o R0 F 1
A SO RN 2 RARIC RS, I FEA L FEXT PARROT
TAEGHIERAL AT . AWFFCH LOG SO LB 5% A
(2) PAR X1t
PARROT it s, BiEtE R Ty ME L, LA &H S
AT 2 AR, RIRHC AR IS R R 45 R o 75 R FZAE AT A B AL T
e RIS PAR SUAF, FIANBERME B . ABFH) PAR SCHF WL 5% B.
XA PR Con BAED AR, HLLa HASHIRE, WG =0 LtE B AH
[ Gibbs H HIfEN:

G =Gf'+G /=G (T) (3.48)
- T T Cpi
G’ =AH, g, ~TAS; 7, +'LtGCi PdT _T'LtrleT (3.49)
CLE A N Z RS, B
G=0 (3.50)
, T T CpiLiq
G =AH;ry = TAS; 1y "'Lr CpiqudT _TJ-Ttr T ar (3:51)
Hr,
Cp®=C,+C,T +C,T? (3.52)
BRI, VAR PR —4i41 ) i 1 Gibbs [ g AP
_ AH,
ba__CTINT +[-—="+C, +C,InT, +C,T, +%C3th]T _%CZTZ
tr
1 1 1.3

_gcsTS +[AH; 1y —CTy, _Ecthrz _§C3Ttr]

(3.53)
Hat (3.53) HWATEH, WAL Gibbs H HRERI AN &2 R
Cp. MR Ty AR AHry IR0
Aspen2006 L7531 2,6- — FIi7E latm F, ASFEEE TR Cp i, 0% 3.1
Fiime R HBEMA BT, MmfSE] Cp K77 f#:
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ISR Bk ib 3 2,6-— S 8 0 B ORI

y=0.4141T +98.168 (3.54)

Oetting IS a6 13 A T WE (A S, W3 3.2 FiiK.
% 3.12,6- i Cp 14
Table 3.1 Cp value of 2,6-xylenol

T(K) Cp(J K* mol™)
300 222.0834
310 226.3160
320 230.5638
330 234.8119
340 239.0492
350 243.2676
360 247.4624
370 251.6308
380 255.7727
390 259.8895
400 263.9844
410 268.0620
420 272.1284
430 276.1910
440 280.2584
450 284.3408
460 288.4500
470 292.5999
480 296.8065
490 301.0891
500 305.4708

B 3.1 45 H T LA Aspen2006 #5i3tl, Perry H¥E 2451 &% Andonl AN
Meva’al™ 53 51|38 ioF S 6 75 51 (4 e FF Ty A 2 0
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*® 3.2 FUTEEH Cp fH
Table 3.2 Cp value of tert-butyl

T(K) Cp(d K mol?)
303.95 224.8004
309.6 230.318
315.15 235.0832
320.62 239.305
326.01 242.8162
331.34 246.5782
303.69 224.6332
303.57 224.7586
309.21 229.5238
314.75 234.2054
320.2 238.3436
325.58 242.44

Cp(J/mol- K)

—a— Andon%% 5L 16 K #E

300 - . Mova'ass 5 1 # 45
J P @ ® PERRY%&% Ej: ﬂﬂ
290j PRIPSY v ASanﬁé )
280
270 -
260 —‘ .l
] Wﬂ ./V'
250 o — N .
240 4 - vy
-I: = I‘/“ . i . .
230 - T it
| v
220 4 v vrv
] ' ]
210 4 )
] v v
200

1 d 1 4 | X I Y I ¥ I
300 320 340 360 380 400
T(K)

3.1 X H B A A

Fig.3.1 The heat capacity data of p-cresol
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T3hk, 2,6- . X B AU T B A IR SR AR IR T FIAH AR T
AHTII” ﬁﬂi% 33:
R 3.326- . A B ST BRI R

Table 3.3 The thermodynamic properties of 2,6-xylenol, p-cresol and tert-butyl

Yo Te (KD AHy, (J/mob)
2,6-— i 318.9 18900
Xif H iy 307.35 11800
BT 298.97 6702.8

M BIRAEL 73 35158080, SRS N2l 2H 73 1) Gibbs [ HIfE, £ PAR 3L
PR AT E o
G4 =18.20T InT +193.33T —0.4008T 2 — 236807 (3.55)

GL% =—98.168T InT +736.88479 —0.207057 2 — 334621825 (3.56)

GL9=_232122T InT +15757078T —0.089T > — 672122556  (3.57)

(3) POP X1

POP ST vt Sauik # v e 75 2 B4R SCfF, POP SCHFELHE B ik ik AR [#]-
TR (A S SCRR G B8, 76 PARRAT M H r g 481 45 48 7] HEAT P45

AL POP U, B o 7R WA TT AIRAS 1) S 36 Hidis DA K STk B8R 0
SR PSR B BB SRR AE — A SR R R POP SO, 352U () POP SCREE
fE PARROT M55 N T 4%, $ATHI TEMIFE 42 COMPILE. 7EiZ LR
CREATE-NEW-EQUILIBRIUM #5411, HFFf st 56 P ARG & —AMRE e 1
ik E . CREATE-NEW-EQUILIBRIUM $54 %€ T 4153 FAH FIRIEEIR A o

WEELT, FER—NRS, (ERETFEIHTI S AR SR 78 m R AL o
TREFENGE R, fTEEZERIERMEERIN, ZES58E—RMEEA
[F I NREAT Y, Rtk POP SO BLIME B E AR I H AR ko (A5 4)
BT CRERHAET E, MWt N R R T BT
S K DA A0S 7E — AN R LAYE POLY-3 BEREREE N A 0 SC#F o AT AT AT AT BA
f# . 7F POLY-3 H (145 4 BE AT AR ML ST LAy A5k

(4) EXP 3Cff

EXP S ELE BT 2% SLi B 2L, BURARE, RIARE, 44, 4irstutl
5, /& POP SR+ IS 28 SCRR A I B HEAE I SO, mTDUdE EXP SCAFH4 5K
IBIREAE P RN k. ARBFFEH) EXP S WL % C.
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PROLOGUE 84 /& 7E4u%E EXP SCPFIS A %48 A& X Al B BoR AT 8 X
—2Ha247. XTYPE. YTYPE f5 4 € XML X, B FiAH B 1
(P AH B e O B2k, @il ff ] XSCALE. YSCALE #8545 SCH IR0
AR BRI B K B /IME - 1B XLENGTH A1 YLENGTH $84 5 SRR K, B
PLERINNE K . 32 XTEXT f1 YTEXT $5 & AR PR IS B4 FR, BT 7T
S O TR BE B R AR, 08 SURE AR A 73 (R BE IR G0 5 X, ALFR AR
[ T @it CHARSIZE & XAERRER FHSCF RN EXP XFAE POST 15
BN ARG, SR B A E R 2, At

3.6 ZERGTHL

K 3.2 2y 2,6-— F Y-S50 FR S O [T AR P, b sz PO = sk
N, R4 N Thermocale BAF LG 255, MBI AT LU L& FIRUR BT . 1t
R AT G R R, WIEATE 06 47, FbHERRHERL HE
JiikE s VRE R R EE R S BORT 0.6 B, AT AT ) LIS A = 1 [
FH, RIS 4IRS 4 HoeE Y AR R R 43 0/ T 0.6 I, ] LIS EILL 2,6- — FT A
FHIEAH . TSI A Yo F I 0 BE R 43 20(E 0.6 A iE, WA 35 AWK FE
KA A, FrLACIES 205 B8R .

320 1 1 1 1 1 1 1 1 1
4
310 L

300- A L

N
[(e]
o
1
T

Temperature [K]
N N
~ ®
T °
I I

N
D
o
1
T

250 T T T T T T T T T
@ 0 01 02 03 04 05 06 07 08 09 10

Mole Fraction of p-Cresol

P 3.2 2,6- — H Iy 55 00 FFY Mgy 30 Y~ i A &
Fig.3.2 Solid liquid phase diagram of 2,6-xylenol and p-cresol
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FIFF RS WA S0 2,6- — I Sh ST T

H DR A IR T P R 08 Bt ai /G R, PR B S 2,6-—HE
R Te i IR S PO H B (1 BE R 70 BOiAE 0.6 PRI, PRItEgesh it T2k
PR HLAE YR, A B AT WL A AR B A R B RCR

AR FE R 75950 ABEAT 2,6- — Il 58T BRI BRI E, W& 3.3
iz . B = o ses s, giisi2i 2 Thermocale (UL A 45 5. B HTT LA
A, SRR MR RIS TR AR
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Fig.3.3 Solid liquid phase diagram of 2,6-xylenol and tert-butanol
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Fig.3.4 Solid liquid phase diagram of p-cresol and tert-butanol (1:1)
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Fig.3.5 Solid liquid phase diagram of p-cresol and tert-butanol (1:2)
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(R IR 2 o8 P 16 TSI B 10T, 80 e R PR A 25 35 DT E5038 i A () VS A
BT DA R A A AC i R X
AC=C-C’
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(4.1)

C:‘eal = C* exp( FS j (42)

R-T-L

Hrp, ClL —RESHRBUINEMRL, 1,25 ReEMRIRE KT,

TR T AZ O A RE B 0 T2 HOd R Ko e ZI IR B AE 2 Ak
SR L, SRR B TR X R R E M, R R A
e AT v, IS TR R A B 36 4% 2 R 2 I R e g il R
Herpob 2 e S AR S . 2R RO B, BB . B
A OO R AURE ) AN 1) = b 2 2 pl o 2H B R G BUR IR S A, T2
JH T BRI e, 5 AT P it ) 1) 38 DA B BV Rl R =5 T R o AR A FL A 2 S AL AN
BRI, Ao A ORI IR R P 2 o X T R A R A AT VA IR S T AT
EVE RN IEVERS S 2 T AN i I 1) O D PR R

AR ZV A BAE R IIES B R BRREZI P T2, &M TRE. 308, Ao
SRS AT AL S R R P P o R FL B b A R B S T G R, TR R VA
T AR 73 % 16 [R] VR P 200 A0 2% 1) ek e 2 % 1 T P 22 2 i 5 o TS e
FATE, & 20 i A IR SRR A /K B PR AR (RTR BV . % 17 7
PE P22 P AR 5 i TR P R AN, 8P A2 Ak D JE AU P k75 DY
HARMNE (TMAHD SR, APLRMEMZGI A 2 7. B —F
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Hoart 1251 1943 41 VARG 7 — P [A) T 238 LoRBOR B A 3 ) 22 4
oy ik &, Schulmant’14:F 1950 4EK Iy o0 “PUFAM” o SFLIBUR B
K FRE 1 7R F0 B 2R T s PRV G B R TR BOE B ECE LB R R . &
HEOLEANRESE, BTRIFRERR. HT LAY B sk
71, BAWMAER. ReEthE. RA/NERES, RN T AMA Tk, i
NI/ Elﬁﬁuu%%Iiﬁﬂﬁ%%&ﬁiﬂém]o

For B SRS BACER G — R e S A B R, i T A A SR )
AR vk BORA T BRI Fe T, S R A0 JE A il AU 3 A 2 T
— AR R AG EARLEE, 5 — AN e R 25 AL BT AR R R
B HHA . RoRFNE SURRE, T a3 A BREAE R R 25K g 0 7. MATLAB
WA S IR SHHLIE S, 5 BASIC. FORTRAN. C ZitH5H11E 5 M bk, 3
FERR = 10 15181, AT iz H] MATLAB B33 47 A5 A0 B K bt 3 fri%i

4.1 SERERSY

4.1.1 N/ FLF

A Ia B R SRR A A Sl Nk 4.1 F13& 4.2 o
R 4.1 LA SR

Table 4.1 Experimental equipment and specifications

DEEA A% 72 i
ST ERInE ke & g SHI-AL! VLI & dn T E AR
B RER BT Invia 3% [E Renishaw 2 7]
IR IR 4% SHI-A 74 NS NI NI
i P R X B3200S-T %! WEEEA () HRAF
HEHEAL IXUS70 Canon
EMER T M4% 0.8, 1.0, 2.5mm b v R B R A TR
Hite A 2RI [52 t: 784 i EEEENIA T EATRR A
In#as WQM165-E LA H LS A BRA

KOO CIR 50mw, 450nm B 22 085
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4.2 SR A A%

Table 4.2 Reagents and specifications

ERIIEAY N i 77 b
7N 3 kR EL 1] 24 B A 2 A PR A ]
Je/K Z. B (ETOH, Ethanol) e [ 25 £ A SR IR A 7
¥k (HNO3, Nitric Acid) ST 4t 1] 24 4 A A 2 A PR A ]
2R (HP Iy Hra ] 245 B A R PR A
K e 1] 24 4 1 4k 3850 BR A ]
L2 45 RFJ-220 TR A A PR 2 A
lidrs A1 . RFX-2277 SR E 2L A BR 2 7]
U ERBE IR % : RFH-2200 SR E LA BR 2 7]
1ERERR Y 205
(TEOS, Ethy! Siicate) e Il 24 B A 2 A PR A ]
S » e
Sy e B 25 B A A PR A )

(NaOH, Sodium Hydroxide)
etk = IR B
(CTAB, Cetyltrimethy| gyt
Ammonium Bromide)

£ F7K (DI Water) 18.MQ /cm

PR 24 4 R 7 5 B 24

Millipore, 845 : sas67120

4.1.2 EFRIAE

(1) R FRIZI

A28 R (1 20 R P A i ™Y, B A 2 SNy ¥ R
R BEAT RS bt e SRR TR AT AR« SRR AN Z8 T K BC 1 2 P, e AR 1
AT AL, FER e S N A BT VR BIAL ) HoSiFe, 281K BIRREEAT -
AN FIECEE R T o, RS kg A R A RN, AR SRR A C L SRR 7 30%

PR R BE R T 8 e P B S T, R B ORI AR, R e R B IF
BT PR A TR E B0 — T 20 H B4R Imm A4 R AL, (A5 0 R LR
B I Fr o R RE R BONZI IR N 10 43 HUH, REREIEZKITBE, G Ay

D CEUECEIR o

N T B P 2R B IR B i LS s 20 SRR A T T 4
R ReR] T73K, JHIFH 24 /NF. W RN, KRR O BT R IR IR R A
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(2) FER TR

RCA hr#fEiE P12 1965 4F HH Kern #1 Puotinen %% A7E N.J.Princeton [ RCA
S = A, bR L R (IR A SR T R

AT H, SR RCA Vel LBpAE v RIEAER A VIR HEY) . S 7=
SIEI5 ), TS 2] i P R AN A FE PR B A B . SIS R I RCA-1 AT
RCA-2 Yt Jr, EANHS R T2 M B AR E . RCA-1 Yl =R it
RN E ) — N FE,  RCA-2 i a] DLk — b it i 6,
PARR 1oy 2 T F) 8 P B < g 5 )

RCA-1 BB T FH] HoONH4OH:H0,=2:1:1 WA, BEE TN H:
R 30 Bl FH ZR TR KIE e - RCA-2 P P IR 4N R « B H,O0:HC 1:H,02=2:1:1
VB B LR AR IO, IR 30 B FZARMMKIETE. RCA YEiG
AT FL S e A T ORE R AE T, R i R SR A e R % 97 1 ' 2 s ol T 4 Sz
IS

(3) A9 Bk

AP BTG TTEN R FLH) HoSO4H00=1:1 ¥, ¥ ge N H 1,
130 7B PR JE B S TECTRORS AR IR D JE A AR AR IR K A e 4
T 8] 4 S B R A 2%

(4) FERERAT

FEHATCZISLIO AT, FFEEER A h B — 2 8. R Z
V- BRI RIS PR AL (A S AR BT IR, AR T B 2 R
B SIRA, AT KR GG AT OB, TEH R T it e 1B VS IR A &
T 22 MR A R A [B) 2 08 R T R — 4 2 () DX 24 & R e, 8 P I 2% [ e i 17 2k
BRI, NI B -

ARSEES LAIERERR CBEAE AT IR, R SiO, MISkIR, FITE/K LEEAE NI,
P ER VR AL, 25 B Tk AE N ERE, sl O BE R el 1:4:0.83:5.67 X 107°.
FEHI AP B R : K IERERR 28T = DR Iy, KR EAE 330K /£
s, PEEEEGKAR 2 NN, 53] SRR IR A IR . 1 AR I A
W 7S5 2 205, B H 20ml ¥ B T B fa v, IS edt = F R IR AL B 3.40,
M IE RV 1.5ml, FEPE(E1F1 7S ek = F R AL B A Vs A o RS (75 AT DI
RV PHAETE 4 2] 5 28], 7£ 235K & 4F T BI/K G R AR IR R4 50 /N, 2453
1731 40 /NI 5 7 B S A ORGSR B sh M B B 58 — AR T e R
WOk K BE B G I AR MR T RIR R AT

FEXTHE v 54 08 9% AR 1T, 75 BT AR A D R R gk
FFISE o AR S0 R FH TR BR IR HEAT VR UG FE (I o B AK B PR 2R H 1] )
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K9 0.3~0.4s, mUERER): m(EtOH)H 15~1:6 i, WRELERER AR L
REAS BIE S EUR Ak A AL

BRI RE R R (BCASE ) BT . HFMTREFTHERE, 2RI
HRREARR, WIRGTRE N iR, 1E 735K IR R 2 /M, HARBEE =R,
A JE TN RS TR ARAT

4.1. 3 AR RIRR B SERE L SCBE

BB A ZI B AT R T R (BT ) b R BRI R
FBe G A LR Al (BRI ) T PR I 5 408, Kb 2 KRG
8 =y it YA E 71 & e 1 A NP I P 17159 (- Sl =3 3 B 11| VAN A S = [ 7
(HMDS), A 500 #/min [¥14% 33 jie % 20s, F PL 4000 #4/min [543 ie % 2 1min.
SR ER 8 E M ZIE, 5255 LA 500 F/min [FEHE % 20s, DL 4000
Felmin FERER: 2 1mine N TR B EHIRZERE, B ZR28 CERAR
IR, PRAFAE 500 F/min, JEIRISE 50508 1min. V2 HeiRET, 5ELL 500
B Imin B#E e 20s, FLL 3000 % /min FIEHE IR ZE 1min. JEREEE, D
OB RER CRPLH) BURERCERR _E 110 b1 1080, BRErER (Base)
R, AHRERGECRAELLE N — kRS .

WA SRR R R (BeASE ) e T HHMESIES B, WK 41
Fin, P ECE S MEr & L.

M 4.1 BFIMEITE

Fig.4.1 Picture of micrometer
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H A B IEN B ST A Wl 4.2 fin. H 40 RS RTES,
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s .

K 4.2 BFIBOLEEKN M T 5

Fig.4.2 Picture of microscope platform with laser diode

BOt)a, ROt E R CRIthR) BT BRR0RIE 4min, #HER
B0 Amin, BRI CEER) ERRRE. BUHEE R FFBHERER -
110°CHERE Bmin, e BT 5y 77 LA fRAF

4.1. 4 3i&H%

AR S B6 A SO 8 LA iR 25 2 RAR LI K 2 IR0 TE e 7 T 0%
W EBME. KRB SATEE, AR THE, HiggaseEds b,
FEIFAR _EIN s 77, Gl I 790 AP B A ] 0 S A B R A B S B
IR A F s A 1) 2 I [ Ak P A b (VIR 5 LT TN T 7 P ISF A e 5
BARER R EEWE 4.3 s,
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Fig.4.3 Schemetic diagram of microchannel emulsion device
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Fig.4.4 Schemetic diagram of microchannel emulsion device detail
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4.2 ZER5THL

4.2.1 BERZM

ik W 20 b R R B R BV O TR AT J e, O EE TR R AR
BTy o BRI AE R UK R o — AN SRR . R A LR I KA
RSB PR — N B 2 R o e SR T B T A A T X 2% B A B ) 22 S B8R Al
/INGRES B A AT, DRI A P AR o Y VR P A DX A 22 o R O R v R Ak X
BCHR B 1511 Ak FEAL AR T ARAT DX 3R A 5 vy, IR FRAE B v SR T TR RO 23
by, TR FL I S S ek 2R T AN BT A8 ol

FERRPE AR E VA I FLAL 22 OB AN Rl 7E HNOs+ HF VRS HF (1)
VEFH A2 5 [N H B P24 SO, JRNEAE 28 ) HoSiFe LM IE IR B HEAT , BEAN W
831,

Si+HNOj3 + 6HF—~H,SiFs +HNO; +H,0 +H, 1

T E R e T ) e o A 4T

Si+60H +4H* —Si03?" + 3H,0 + 2H, 1

BT O VR R FERCA TR, TSR 2 085, T DAREAE B VA
HHE U 2 LU AE HNOs + HF V215 2 o ik i 200 b /LI ] 4.5 o

4.5 ZIth LIRS Ay

Fig.4.5 Silicon with a pin hole by wet etching

AR FE hiRH HNOs i 22, B i Ak 4l e s, AR -9 s s,
R HF 2, MRMNERLRR, A5aRKEAKMERTT. Bk, MhZm
JEEREAR MRl Py B P AR B DG BRI 3R . A S B R A DU A S S S A B (TPAD
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R AT AL (LREF T AN IO TR0 RE A At BNL, A 1
Bk

4.2.2 JeEEEF

TR X e B 2 ot [ A P SR R B AT 1 B, BV [ P R
TR SR, Do B sy, T8 A G 8 1 58 B R ORI DG R e S
MR R L, 1T LED JGlUE Ak KGO BUPEIR 35, DO G IR RERS
PR AT B, AT G4 [ 6 B S i F8 2 AL 75 ds OO GIR I AL 7 i
ZIBE AT A B gz i D RORBER N, TS 75 [ 4 H P38 6 P 56 70 9 AR

o
=

[A] o

A seiia O IR B M C 2K, e B2 ROE D% 50mw, 50 {7

SREEYIBE, WOCHURRS R 8s, FREIPTHIVE CES, Wk 4.6 s

M ) ”
D St

4.6 75 b oA 2 fOmEIE F 5

Fig.4.6 Micro-channel pattern on the quartz chip

SESEREIE B R DI SEnT AT, BRI, JF HO6ZI Ml JE aT LE S T3
FLEOHIRG, AT B AT OB IE s 5 8, B EH e iR oK A AR,
PR ERe, SIBRIE 5 odh, BATEYE, &5 K& TR .

S, R RORSEE BERS BRI TS 2 AR S RS E s & L IRt
WEMEARMBENENE L, SRS T 6 LT AR
AT ERS SN, AR s R & L % . BT R, SEi2a)
0.06mm, {5 EF2ANEROEHKUN 5, ERILERIEDER, ZJBOCCS 2 206 F
FLMHEN, SRHBOLIEH 6s, #ahT R, BEFITEEOOLE, N A2
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Fig.4.7 Part of the pattern by Light-curing on the silicon chip
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Fig.4.8 The microchannel on the silicon chip

RS FdAT e AL S2sem;, SeREI A SR A AR, 25 seibig 34
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TR ROROETE, SR 4 R 0EIE

K 4.9 9 BB KR

Fig.4.9 Part of the pattern by Light-curing on the quartz chip

Kl 4.10 g v b7 (I 58 v 2 B 20 B S v e 7 (0 A iE T
Fig.4.10 The microchannel on the quartz chip
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Fig.4.11 Optical microscope image of emulsion prepared using regular method

BRABIE, FIH MATLAB B xS Hgb AT 7R THE, AR W= D.
AR 4.12 o . THEAE REWIE 411 R sLsHoRAR BN 5 24
B NRAR R FLR 29, RIRER AT TR TS, THEA R 4.13
Fis. B 413 LR /NS TR RIS 70 A1, BORBURDRAS I 70 A1 5 1K 4.12
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Fig.4.12 Size distribution of emulsion prepared using regular method

54



54 T OEIE R FLIH %

Size Distribution

11 T T
10
9
8
b 7
z 6
H
5
&~
4
3
2
1
0
500 1000 1500 2000
Area(pixels)

K 4.13 LR/ MRS PR HORAS 0 A K]

Fig.4.13 Size distribution of emulsion prepared using regular method without the smallest

PG TE LAV ) 26 25— REAR LV, DIOKAE &S, 3 Otk
M, TR (SDS) 1E AL, Sei b A 20ml ks et 4s [k 4
IR, A BUH G A OB TETA B MC . 50 55 R &), WTLE
H AL RLAETE 5~10um 2 [A], Q1 4.14 s 30 5 B340 R A0 18 i) 4% 1135
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il gz SR B C A C i =i 2
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Fig.4.14 Optical microscope image of uniform particle size emulsion
(50X long focal length object lens)
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Fig.4.15 Optical microscope image of uniform particle size emulsion (5X object lens)
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Fig.4.16 Size distribution of uniform particle size emulsion
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FE G T IS 70 FLBORAR A AEAR R A RE I o [F]—HE A A L R
JE AR 2 S BELBIRAR AN 1 —, W& 4.17 Pios. 9 7@ s 711 m,
R 2k SR FE R 2, AR K 31 E B 26 A T A BERIAE KR — kAR i 7L
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Fig.4.17 Emulsion size distribution change caused by pressure variation
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KL EEX 2,6- R BT IR R . 1B T RS 6IEER &
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[R198 B S e o R CRIALSER 26 A . S 3V, BOLSRE 50mw,
6] Bs; A9y USRI 261 HUE 3V, BORIREE 50mw, SERERSTH) 8s. &4k
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PEAHT, XF 2,6-ZH W (8] H S0 B I () 2 P AT AR B L B S T AR i
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Wi, J
Bz, J
71, N

5, Je molt e K?
ST
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[k, Pa
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M B PAR {4

DEF-COMPONENT C D

ENTER-SYMBOL CONSTANT DX=0.02, P0=101325, DT=0.1
$THE SLE AT DIFFERENT T FROM REF 2

TABLE-HEAD 100

CREATE-NEW-EQUILIBRIUM @@, 1

CHANGE-STATUS PHASE LIQUID, MONO=FIX 1.0
SET-CONDITION P=P0, T=@1

SET-REFERENCE-STATE C MONO * 1E5

EXPERIMENT X(LIQUID,C)=@2:DX, X(MONO,C)=@3:DX
LABEL Al

$SET-ALL-START Y

SET_START_VALUE X(LIQUID,C)=@2, X(MONO,C)=@3
TABLE-VALUES

$ T X(LIQUID,C) X(MONO,C)

307.71.0  0.9999

299.5 0.8991 0.9999

292.9 0.8006 0.9999

288.1 0.7497 0.9999

283.8 0.6997 0.9999

280.2 0.6477 0.9999

278.6 0.6389 0.9999

278.2 0.6188 0.9999

TABLE-END

$

$THE SLE AT DIFFERENT T FROM REF 2

TABLE-HEAD 200

CREATE-NEW-EQUILIBRIUM @@,1

CHANGE-STATUS PHASE LIQUID, MONO=FIX 1.0
SET-CONDITION P=P0, T=@1

SET-REFERENCE-STATE C MONO * 1E5

EXPERIMENT X(LIQUID,C)=@2:DX, X(MONO,C)=@3:DX
LABEL A2

$SET-ALL-START Y

SET_START_VALUE X(LIQUID,C)=@2, X(MONO,C)=@3
TABLE-VALUES

$ T X(LIQUID,C) X(MONO,C)

280.5 0.6023 0.0001

283.2 0.5793 0.0001

285.8 0.5491 0.0001

289.6 0.5008 0.0001
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296.9 0.3997 0.0001
302.7 0.3092 0.0001
308.6 0.1988 0.0001
314.2 0.0928 0.0001
318.0 0.0001 0.0001
TABLE-END

SAVE-WORKSPACES
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MiS C EXP X4

PROLOG 0 PHASE DIAGRAM
XSCALE 0.00000 1.00000
YSCALE 263.000 313.000
XTYPE LINEAR
YTYPE LINEAR
XLENGHT 11.5000
YLENGHT 11.5000
TITLE
XTEXT X
YTEXTY

$

DATASET 1

ATTRIBUTE CENTER

CLIP OFF

CHARSIZE 0.30

1.1 0.90 NS1'Experimental data points

0.0545 278.5 S1

0.1325274.1S1

0.1714 2705 S1

0.2779 271.4 S1

0.4468 279.2 S1

0.5299 282.3 S1

0.6234 285.8 S1

0.7039 288.6 S1

0.8052 291.7 S1

0.9013 294.3 S1

0.9662 296.1 S1

0.9999 297.2 S1
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Mi% D MATLAB #$

%original image

x = imread (‘emulsion.JPG');
imshow(x)

title('Raw Image')

%color map

figure

imshow(x)
colormap jet
title(Jet color map')

%background estimation (non uniform illumination)
bg = imopen(x,strel('disk’,10));

figure

imshow(bg)

colormap jet

title Background

%background removal (flatten background level)
y = imsubtract(x,bg);

figure

imshow(y)

title Flattened

%segment grains from background
bw = im2bw(y,graythresh(y));
figure

imshow(bw)

title GrayThreshed

%label connected regions
L = bwlabel(bw);

figure

imshow(L,[])

colormap jet

pixval

title(Connected Regions’)

%feature extraction - size distribution (area, pixels)
stats = regionprops(L);
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A= [stats.Area];

figure

hist(A)

xlabel(' Area (pixels)')
ylabel Popularity
title('Size Distribution’)
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